Objective: To compare the perinatal outcome of quadruplets in relation to chorionicity.
Introduction
The number of higher order multiple pregnancies have increased since the introduction of assisted reproductive techniques (ART). This has a disproportionate impact on perinatal mortality as prematurity, low birth weight and congenital malformations are all more common in multiple pregnancies. 1 Obstetric outcome and clinical management of twin pregnancies is influenced by chorionicity. 2 Monochorionicity is linked to higher morbidity and mortality rates owing to preterm delivery, feto-fetal transfusion syndrome, intrauterine death of one or both twins and neonatal death compared to dichorionic (DC) twins and singletons. 3 The perinatal morbidity and mortality are especially high when the triplet pregnancies contain a monochorionic (MC) pair. 4 In such cases, not only are all of the fetuses at risk for very premature delivery, the MC fetuses are likely to suffer additional complications resulting from placental vascular anastomosis.
Large population-based series have addressed perinatal mortality in quadruplets in relation to maternal age. 5 Although such series are important, it is not very useful in day-to-day clinical practice as most of the higher order multiples occur following ART and hence in older mothers. Like twins and triplets, perinatal outcome in quadruplet pregnancies in relation to chorionicity will be more useful in planning clinical management and patient counseling. Unfortunately, studies evaluating the perinatal outcome of higher order multiples have rarely addressed the type of placentation. [6] [7] [8] Anecdotal case reports have described quadruplet pregnancies with an MC pair after embryo transfer. 9, 10 But no study has systematically evaluated the perinatal outcome in higher order pregnancies in relation to chorionicity.
We evaluated perinatal outcome of quadruplet pregnancies in relation to chorionicity.
Methods
This retrospective study included all quadruplet pregnancies, which were delivered after 20 weeks of gestation. We collected the data between January 1985 and September 1997 from Hammersmith and Queen Charlotte's Hospital and between January 1985 and December 2001 from St Mary's Hospital. It was not feasible for us to collect data beyond 1997 from Hammersmith and Queen Charlotte Hospital as the author involved in the studies moved to St Mary's Hospital, Manchester, UK after 1997. Similarly, authors responsible for collection of data from St Mary's Hospital moved to other institutes after 2001. Quadruplets undergoing fetal reduction were excluded. There was no quadruplet birth after 1995 in any of the three units.
Pregnancy and neonatal data were obtained by reviewing the medical records. The gestational age was assigned in accordance to ART procedure and by ultrasound scan. Placental pathology reports were reviewed in all quadruplet pregnancies to ascertain chorionicity. According to chorionicity, quadruplets were grouped as quadra-chorionic quadramniotic (QC) and trichorionic quadramniotic (TC), that is, quadruplets with a MC diamniotic pair (MCDA). We included dichorionic quadruplets (two MCDA pair) in the TC group as the numbers were small.
Quadruplets were considered concordant if maximum difference in birth weight was <25%. Quadruplets were considered discordant if difference in birth weight between the largest and the smallest quadruplet was X25%. The diagnosis of feto-fetal transfusion syndrome (FFTS) was made by standard prenatal criteria of polyhydramnios/oligohydamnios in a MC pair. 4 All pregnancies were monitored for aberrations of fetal growth and amniotic fluid volume disturbances by serial ultrasound scans. As per unit protocol, all quadruplets after 24 weeks of gestation received two doses of 12 mg of betamethasone every week. In this cohort, patients did not receive prophylactic tocolysis or cervical cercalage. Bed rest and tocolytic therapy such as ritrodine, salbutamol, indomethacin were used only if clinically indicated.
Birth order was determined by the order of delivery regardless of the fetal position in utero and accordingly infants were labeled as A, B, C and D. In all deliveries, different numbers of cord clamps or suture ligatures were placed around the umbilical cords to help in correlating individual umbilical cords with neonates and their placentas and to assign chorionicity correctly at histology.
Neonatal data were collected from the case records including the condition of the infant at birth, details of resuscitation, and progress in the neonatal medical unit as described previously for triplet gestation. 4 Perinatal mortality rate was defined as number of deaths of fetuses of gestation greater than 20 weeks plus the number of deaths of infants less than 28 days old per 1000 total births. Neonatal death was defined as number of deaths of infants who were born alive after 20 weeks of gestation but died within 28 days of birth per 1000 total live births.
Data analysis
All data were expressed as medians and ranges. The paired t-test was used to compare values within quadruplets and Student's t-test was used for intergroup comparison. For blocked comparison, Fisher's exact test was used if number was p30 and w 2 test if numbers were more than 30. Inter-pair differences in birth weights were calculated by using the formula: largest quadrupletÀsmallest quadruplet/largest quadruplet Â 100. To control for confounding variables, stepwise logistic regression analysis was used to calculate odds ratio (ORs) with 95% confidence interval (CI) for every factor in isolation and for construction of multivariate models.
Results
During the study period, 24 quadruplet pregnancies were identified. Fourteen sets were delivered before 1990, whereas 10 sets were born at or after 1990. Seven sets of quadruplets were conceived following induction of ovulation (all QC conception) either by injection of gonadotrophins regime (n ¼ 6), and by clomiphene citrate (n ¼ 1). Further 13 sets occurred following various ART techniques ((TC ¼ 5; QC ¼ 8), including in vitro fertilization (IVF), blastocyst transfer, gamete intra-fallopian transfer (GIFT) and intracytoplasmic sperm injection (ICSI). The remaining four pregnancies (TC ¼ 3 and QC ¼ 1) resulted from spontaneous conception.
The obstetrics and neonatal data of 24 sets of quadruplets are given in Tables 1 and 2 , respectively. Twenty (83%) sets of quadruplets received multiple doses of steroids whereas two sets (eight per cent) had only one complete course. Two sets of quadruplets did not receive corticosteroid as infants were delivered before 24 weeks of gestation. Nine mothers received tocolysis for threatened preterm labor.
The median gestational age at delivery was 31 (22 to 34) weeks with seven (29%) sets being born before 30 weeks of gestation. Thirty infants (31%) had birth weight of less than 1000 g. Three infants had congenital malformations. These included ventricular septal defect (n ¼ 1), tetralogy of Fallot (n ¼ 1) and talipes (n ¼ 1).
Two quadruplet pregnancies were spontaneously delivered before 24 weeks. There were one intrauterine fetal death and 16 neonatal deaths with 79 long-term surviving infants. Eight infants died of extreme prematurity (delivery before 24 weeks). Only one infant with birth weight >1000 g died in utero. The overall crude perinatal mortality rate was 177 per 1000 total number of infants, but the corrected mortality rate was 102 per 1000 total number of infants born at or after 24 weeks of gestation. There was no association between perinatal mortality and maternal age. Perinatal mortality of quadruplets born before 1990 were comparable to those born at or after 1990s (8/56 vs 9/40; P ¼ 0.12).
There were three neonatal deaths in spontaneously conceived quadruplets, whereas in IVF conceived quadruplets, 12 infants died in the neonatal period (P ¼ 0.28). There was only one intrauterine death in patients conceived following induction of ovulation.
Stepwise logistic regression analysis was carried out on the variables that were significant at P<0.05 or less in the multivariate model. This showed that monochorionicity (OR 5.1; 95% CI 1.7 to 15.4; P<0.001), and the discordant birth weight of >25% (OR 7.6; 95% CI 2 to 29; P<0.01) had independent effects on perinatal mortality. A significant risk of perinatal loss was also associated with delivery before 30 weeks of gestation (OR 89; 95% CI 10.8 to 738; P<0.001) and birth weight of p1000 g (OR 74; 95% CI 9.1 to 607; P<0.01).
Perinatal outcome in relation to chorionicity
The neonatal and obstetric characteristics of quadruplets in relation to chorionicity are given in Tables 2 and 3 . Out of eight sets of quadruplets with an MC pair, six were TC and two were DC. Because of small numbers, these were considered as a single group and for convenience were described as TC gestation. In TC quadruplets, only one pregnancy was complicated by feto-fetal transfusion syndrome. The patient went into spontaneous labor soon after the diagnosis at 23 weeks of gestation and all four infants died immediately after birth.
There were 11 sets of quadruplets with discordance of >25% and there was no significant difference between the prevalence of discordance of >25% between TC and QC gestations (63 vs 38%; P ¼ 0.18). Overall perinatal mortality in discordant quadruplets were higher than those of concordant quadruplets (32 vs 6%; P<0.001). There were nine neonatal deaths in the discordant TC quadruplets with only two in the concordant sets (45 vs 17%; P ¼ 0.86). But perinatal loss in the discordant QC group was higher than that of concordant set (21 vs 3%; P<0.05). Irrespective of chorionicity, the birth weight of all neonatal death in the discordant quadruplets were <1000 g, who were also born before 28 weeks of gestation.
The TC quadruplets had 24 times higher risk of having infants weighing <1000 g (OR 24.4; 95% CI 7.8 to 76.3; P<0.01) and greater than 11.7-fold risk of being born before 30 completed weeks of gestation (OR 11.7; 95% CI 1.49 to 91.5; P<0.05) than QC gestations.
As regards the neonatal outcome, TC quadruplets had significantly higher risks of respiratory distress syndrome (RDS) (OR 3.2; 95% CI 1.1 to 9.4; P<0.01), anemia (OR 13.5; 95% CI 2.7 to 68; P<0.01) and IVH (OR 4.2; 95% CI 1.6 to 10.8; P<0.01) compared to QC infants. Long-term outcome in terms of chronic lung disease was also higher in TC than those of QC infants (OR 8.8; 95% CI 1.5 to 49; P<0.05). The overall perinatal mortality rate in TC pregnancies was significantly higher than that of the QC quadruplets (344 vs 94 per 1000 total birth; P<0.01). Similarly, perinatal loss rate of infants born at or after 24 weeks of gestation was also higher in TC than QC triplets (333 vs 33 per 1000 total births; P<0.001). In both the groups, none of the infants born after 28 completed weeks of gestation died in the neonatal period.
Discussion
This study shows that quadruplets with at least one MC pair have a fivefold higher perinatal mortality compared to quadra-chorionic pregnancies. This was in agreement with our recent data on triplet pregnancies, where dichorionic pregnancies had six to eightfold higher perinatal loss rates compared to trichorionic gestations . 4, 11 Although perinatal outcome data on quadruplets in relation to chorionicity are sparse, different combinations of amnioncity and chorionicity in quadruplet gestations have been previously reported. A number of anecdotal case studies have reported the presence of MC pair in quadruplet pregnancies in spontaneous 12 and ART conceptions. [9] [10] [11] [12] [13] In our cohort, 25% incidence of trichorionic quadruplets in ART conception is somewhat similar to that reported by various authors. [14] [15] [16] But the incidence was much higher in spontaneously conceived quadruplets (75%). Similar to our recent series of triplet pregnancy, incidence of MC quadruplets in natural conception was significantly higher than those conceived by ART. 4, 11 There is an ongoing debate regarding ART and monozygotic twining. Some authors demonstrated that in pregnancies conceived through ART, the incidence of monozygotic twining is raised up to eight-fold above the background rate. Major factors that appear to influence monozygocity in pregnancies conceived through ARTs are ovulation induction, certain IVF culture conditions, zona pellucida architecture, micromanipulation and blastocyst transfer. 17 Furthermore, recently it has been suggested that the frequency of MC pair is higher after blastocyst transfer and techniques using micromanipulation than after the transfer of cleavage stage embryos. 18 Although the underlying mechanism remains elusive, young patients receiving grade 1 embryos have 0.5% chance of having monochorionicity. 10 In this study, as we do not have information on type of IVF procedures used, we are unable to comment on whether the relatively high incidence of MC pair in quadruplets is secondary to ICSI or blastocyst transfer.
The overall crude perinatal mortality rate was 177 per 1000 total number of infants, but the corrected mortality rate for normally formed infants born alive after 24 weeks was 102 per 1000 live birth. This compares favorably with the corrected perinatal mortality of 10.4 and 6.7% found in a series of 65 and 71 quadruplets respectively. 6, 19 However, a number of small series comprising two to 10 sets have reported perinatal losses ranging from as low as 0 to as high as 25%. 7, 20 More recently, Strauss et al. 8 reported survival rate of 94.5% in a series of 14 quadruplets. However, it is difficult to extrapolate our results with other populations in that data set and this study has been collected from three hospitals over a 15-year period, during which neonatal care may have changed. However, a sub-analysis of the data suggests that there was no significant difference in the perinatal outcome before and after the 1990s. Therefore, the most likely explanation for differences in perinatal mortality rates among reported series may be attributed to the number of quadruplets with MC pairs. Our loss rate of 3% for normally formed QC quadruplets born after 24 weeks compares favorably with those reported by larger series.
The higher perinatal mortality in trichorionic quadruplets is due to high incidence of low birth weight (<1000 g), which was similar to twins 2,3 and triplets. 4, 11 The TC quadruplet sets weighed at least 650 g less than QC, which was due to significantly higher incidence of delivery before 30 completed weeks of gestation. Fetofetal transfusion syndrome is considered to be an important cause of low birth weight and prematurity in MC twins and triplets. [2] [3] [4] But given the small sample size, its effect on low birth weight in TC quadruples is difficult to evaluate. Although in our series, incidence of FFTS (12.5%) seems to be somewhat similar to that reported for twins, 2 it is lower than that the of dichorionic triplets . 4 It is difficult to compare our finding with that of literature because apart from a case report 21 no large series of quadruplets have addressed this issue.
Unlike our findings in triplets, 4,11 discordance in birth weight had an independent effect on perinatal mortality in quadruplets. This is no surprise, as in this series, the overall incidence of discordance was 2 and half times higher than those found in triplets. 4, 11 Furthermore, 64% of the discordant quadruplets delivered before 30 weeks of gestation and 50% infants weighed <1000 g at birth. But similar to our previous findings in twins and triplets, prevalence of discordance in TC and QC quadruplets is somewhat similar. This observation further indicates that inter-pair discordance is largely attributed to factors relating to overcrowding, asymmetry in placental development rather than feto-fetal transfusion.
From previous reports on perinatal outcome in twins and triplets and this series, it is quite apparent that presence of MC placenta is associated with higher incidence of perinatal mortality and morbidity owing to low birth weight and prematurity. [2] [3] [4] Although the exact mechanism for this is not clear, inter-twin transfusion along placental vascular channels has been implicated. 3 Our recent work indicate that low birth weight in MC placenta seems to be independent of placental anastomotic channels and these connections may be important if one twin dies in utero.
22,23
Recent work on MC twin placenta suggests that higher incidence of low birth weight and prematurity is more likely to be a consequence of histological abnormality and hypoxia. Studies have shown that MC placentation is associated with asymmetrical physiological transformation of maternal spiral arteries 24 with discordance in placental mass. 23 Furthermore, peripheral cord insertion and avascular villi, indicative of fetal vessels occlusion, are more common in the MC placenta. 25 More recently, incidence of micro-vascular thrombosis is shown to be higher in the MC than dichorionic twin placentas. 26 Fetal vessel thrombosis is also shown to correlate with intrauterine growth restriction, peripheral cord insertions and major vascular cushions. 26 Taken together, these histological abnormalities in MC twin placentas may be the cause impaired placental gaseous exchange and transfer of essential nutrients and by inference of abnormal growth. 27, 28 Further studies are required to evaluate the risk of prematurity in relation to placental development in higher order multiples with MC placentas.
We are aware that demography of our population may have resulted in the disproportionately higher number of TC quadruplets compared to the quoted figure of 10 to 19% for ART conceived triplets.
14 and 20% for twin pregnancies 2 As the three hospitals included in this study are tertiary referral centers with fetal medicine and large neonatal intensive care units, there is a possibility that disproportionately higher number of TC rather than QC quadruplets were transferred early in gestation for perinatal care. For these reasons, the overall incidence of MC twins in our institution was approximately twofold higher than the populationbased studies. 29 This bias was unavoidable in a study of this nature. However, the primary aim of this study was to compare the perinatal outcome of quadruplets in relation to chorionicity and to highlight that presence of MC pair in such pregnancies was not an uncommon occurrence. We are aware that only a prospective population-based study can adequately evaluate the true prevalence of MC pair in iatrogenic triplets.
In conclusion, our data suggest that MC pairs are relatively common in quadruplet gestations arising from ART and natural conceptions and are likely to be associated with higher perinatal morbidity and mortality. This information may be useful for counseling patients undergoing ART and also for those who wish to continue with quadruplet gestations.
